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Abstract 



Novel staurosporin derivatives represented by formula (I) (wherein R<1 > represents hydrogen, lower 
alkyl, formyl or amino, R<2> represents hydrogen, formyl, lower alkanoyl or a group formed by 
removing a hydroxy moiety from the carboxyl group of an alpha -amino acid whose amino group may 
optionally be protected, one of X<1> and X<2> represents hydrogen and the other represents 
hydrogen, hydroxy, lower alkoxy or lower alkylthio, or X<1 > and X<2> are taken together to form 
oxygen, provided that, when R<1 > and R<2> are both hydrogen atoms and one of X<1 > and X<2> is 
hydrogen, the other represents a group other than hydrogen or hydroxy) and their pharmacologically 
acceptable salts are disclosed. These compounds inhibit protein kinase C and have a cell growth 
inhibiting activity. 
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t-© STAUROSPORIN DERIVATIVES. 

CO® Novel staurosporin derivatives represented by 
^formula (I) (wherein R 1 represents hydrogen, lower 
Qalkyl. formyl or amino. R 2 represents hydrogen, for- 

myl, lower alkanoyl or a group formed by removing 
£ja hydroxy moiety from the carboxyl group of an 
^o-amino acid whose amino group may optionally be 

protected, one of X 1 and X 2 represents hydrogen 



and the other represents hydrogen, hydroxy, lower 
alkoxy or lower alkylthio. or X 1 and X 2 are taken 
together to form oxygen, provided that, when R ! and 
R 2 are both hydrogen atoms and one of X t and X 2 is 
hydrogen, the other represents a group other than 
hydrogen or hydroxy) and their pharmacologically 
acceptable salts are disclosed. These compounds 
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inhibit protein kinase C and have a cell growth 
inhibiting activity. 
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SPECIFICATION 
Staurosporine derivatives 

Technical Field 

This invention relates to a novel staurosporine 
derivative having protein kinase C-inhibitory and cell 
growth- inhibitory activities. 
Background Technology 

It is generally believed that protein kinase C 
is involved in cell growth and in the mechanism of 
carcinogenesis (e.g. Science, 225 1365; 1984), There- 
fore, it is expected that if protein kinase C activity 
can be artificially suppressed with a specific in- 
hibitor, for instance, the prevention and treatment of 
tumors and the like will become feasible. 

Meanwhile, staurosporine is an antibiotic having 
the following formula: 

H 
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Staurosporine is not only known to show antibac- 
terial activity against various bacteria but also known 
to show cell growth inhibitory activity against 'EeLa 
cells, human leukemia cells and so on (J. Antibiotics 
30 , 275, 1977; J. Chem. Soc. Chem. Commun., 800, 1978; 
JP-A-60-185719) . 

As a related compound of staurosporine , UCN-01 
having antitumor activity is known (JP-A-62- 
220196) . 

The object of this invention is to provide a 
staurosporine derivative which inhibits protein kinase 
C and has excellent cell growth inhibitory activity. 
Disclosure of the Invention 

This- invention relates to a staurosporine deriva- 
tive of the following formula (I) (hereinafter referred 
to as compound (I) ; the same numbering applies to 
compounds of the other formulae) 




( I ) 



EP 0 383 919 A1 



- 3 - 

where R 1 represents hydrogen/ lower alkyl, formyl 
2 

or amino; R represents hydrogen, formyl , lower 
alkanoyl or the group available upon elimination of the 
hydroxyl moiety of the carboxyl group of an oc-amino 
acid, where the amino group of said amino acid may be 
protected by a protective group; one of. X 1 and 
X 2 is hydrogen and the other is 

hydrogen, hydroxyl, lower alkoxyl or lower alkylthio 

or both of them, taken together, represent oxygen; 

1 2 

provided, however, that where both R and R 

concurrently represent hydrogen and either one of X 1 
2 

and X is hydrogen, the other is a group other than 
hydrogen and hydroxyl or a pharmaceutical^ accept- 
able salt "thereof. 

The lower alkyl and the lower alkyl moieties of 
lower alkoxyl and lower alkylthio in the definitions of 
groups in formula (I) include both straight-chain and branched 
alky Is containing 1 to 4 carbon atoms, such as methyl, 
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec- 
butyl and tert-butyl. The lower alkanoyl in the 
definition of R 2 include both straight-chain and branched 
alkanoyls containing 2 to 5 carbon atoms, such as 
acetyl, propionyl, butyryl, isobutyryl and valeryl. 
'She a-aminp .acid represented by R 2 includes 
glycine, alainine, proline and so on, and the 
protective group includes benzyloxycarbonyl , t-butoxy- 
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carbonyl and so on. 

When compound (I) is a basic compound, it 
can be form acid addition salts. Examples of 
such acid addition salts of compound (I) 
include hydrochloride , hydrobromide, sulfate, nitrate, 
formate, acetate, benzoate, maleate, fumarate, succin- 
ate, tartarate, citrate, oxalate, methanesulfonate, 
p-toluenesulfonate, aspartate, glutamate and so on. 
While non-toxic pharmaceutically acceptable salts such 
as those acid addition salts mentioned above are 
preferred, other salts may also be of use for the 
isolation and purification of the product. 

The compound of this invention is usually derived 
from an- optically active staurosporine compound but all 
possible stereoisomers and mixtures thereof also fall 
within the scope of this invention. 

A method for producing compound (I) is de- 
scribed below. It should be understood that the 
following is not an exclusive method for the production 
of compound (I) . 

It should also be understood that r in the produc- 
tion procedure described below, when any group defined 
hereinbefore undergoes change under the conditions of 
the procedure or is unsuitable for the procedure, the 
procedure can be facilitated by resort to techniques 
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which are commonly employed in organic synthetic 
chemistry, such as protection and deprotection of 
functional groups [e.g. -Greene: Protective Groups in 
Organic Synthesis, John Wiley & Sons, Inc., 1981.] 
By way of illustration, the starting compound 
staurosporine (Ila) can be reacted with benzyloxy- 
carbonyl chloride (Cbz-Cl) , a well-known amino- 
protecting group donor, to give compound (lib) . 



H 




Cbz-Ci 



N— CHa 
Cbz 

(lb) 
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Thus, compound (lib) can be obtained by reacting 
compound (Ila) with Cbz-Cl in a solvent mixture of 
acetone and water in the presence of an appropriate 
base, such as sodium hydrogen carbonate, under ice- 
cooling for 0.5 to 1 hour. 

Regarding compound (Ila) , the base is used in a 
proportion of 1 to 5 equivalents and Cbz-Cl in a 
proportion of 1 to 1.5 equivalents. 

Then, the objective compound can be obtained by 
subjecting compound (lib) to either Process 1 or 
Process 3 described hereinafter and, then, to 
deprotection. 

This deprotection can be accomplished by the 
conventional reduction reaction, such as catalytic 
reduction. Thus, in an inert solvent such as 
tetrahydrofuran (THP) or dimethylformamide (DMF) , the 
catalytic reduction is carried out using a catalyst, 
which may generally be 5 to 10% palladium-on-carbon, in 
a hydrogen gas atmosphere at room temperature for one 
hour up to one day. 

Process 1 ; Synthesis of R 1 -modified compound (1-1) 
1-1 : Compound where R* is lower alkyl (1-1-1) 




# # 
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( I - 1 - 1 ) 

(where R 2 , X 1 and X 2 are as defined \ above; 
R la is lower alkyl in the definition of R 1 ; Hal is 
a halogen which is chlorine, bromine or iodine) 

The compound (1-1-1) can be obtained by reacting 
compound (Ilia) [Compound (I) where R 1 is hydrogen, 
compound (Ila) , compound (lib), etc.] with 1 to 10 
equivalents of an alkyl halide (IV) in a solvent, such 
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as DMF, in the presence of 1 to 1.5 equivalents of an 
appropriate base, such as sodium hydride, under ice- 
cooling. This reaction goes to completion generally in 
15 minutes to 12 hours. 
1-2 : Compound wherein R 1 is formyl (1-1-2) 



H 




(1-1-2) 



(where r% x l and X are as defined above) 

Compound (1-1-2) can be obtained by reacting 
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compound (Ilia) with a large excess or solvent amount 
of formic acid - acetic anhydride at room temperature 
for 12 to 24 hours • 
1-3 ; Compound wherein R 1 is amino (1-1-3) 



(where 




Compound (1-1-3) can be obtained by reacting 
compound (Ilia) with 10 to 50 equivalents of hydrazine 




hydrate in an inert solvent, such as dioxane, at 70 to 
110°C for 1 to 2 days. 

2 

Process 2 ; Synthesis of R -modified compound (1-2) 

2 

2-1 : Compound wherein R is formyl (1-2-1) 




(1-2-1) 

(where R 1 , X 1 and X 2 are as defined above) 

Compound (1-2-1) can be obtained by treating 

2 

compound (Illb) [compound (I) where R is hydrogen, 

compound (Ila) , etc.] in the same manner as Process 
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2-2 ; Compound where R is lower alkanoyl (1-2-2) 




CO) 2 0(V)/ 



Base 



}f— CH3 
COR 2 * 

( r - 2 — 2 ) 



(where R , X and X are as defined above; 
R 2a is lower alkyl) 

The lower alkyl mentioned above has the same 
meaning as the alkyl defined before. 



# 



Compound (1-2-2) can be obtained by reacting 
compound (Illb) with an acid anhydride (V) in an 
appropriate base, such as pyridine, at room temperature 
for 12 to 24 hours. Compound (V) is used in a propor- 
tion of 1 to 5 equivalents relative to compound (Illb) . 

2 

2-3 : Compound wherein R is an acyl group derived 
from an amino acid (1-2-3) 




(1-2-3) 
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(where R , X A and \ are as defined above; 
R is a group corresponding to the remainder of an 
ct-amino acid after elimination of its carboxyl group , 
the amino group of which may be protected) 

Compound (1-2-3) can be obtained by condensing 
compound (I lib) with N-protected amino acid (VI) in THF 
using N-hydroxysuccinimide and dicyclohexylcarbodiimide 
(DCC) . Based on compound (Illb) , compound (VI) is used 
in a proportion of 1 to 2 equivalents , N-hydroxysuccin- 
imide in a proportion of 1 equivalent, and DCC in a 
proportion of 1 to 2 equivalents. This reaction is 
generally conducted at 0°C to room temperature and goes 
to completion in 1 hour up to one day. 

When a compound having a free amino group (I-2-3a) 
is desired, the reaction product is deprotected by the 
conventional procedure . When the protective group is 
benzyloxycarbonyl, for instance, compound (I-2-3a) can 
be obtained by carrying out a catalytic reduction 
reaction in the same manner as described above. 
Process 3 ; Synthesis of compound modified at X* and 



X 2 (1-3) 



3-1 : Compound where X or X is hydroxyl 



(1-3-1) 



* # 
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(where R and IT are as defined above) 

Compound (1-3-1) can be obtained by reacting 

1 2 

compound (la) [compound (I) where X and X are 
hydrogen] with lead tetracetate in acetic acid at room 
temperature for 7 to 10 hours. Based on compound (la) , 
lead tetracetate is used in a proportion of 1 to 2 
equivalents. 
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1 2 

3-2 : Compound where X or X is lower alkoxyl 
or lower alkylthio (1-3-2) 




(ffl c ) 




(I — 3 — 2 ) 

(where R 1 and R 2 are as defined above; 
X a is lower alkyl; Y is oxygen or sulfur) 

The lower alkyl mentioned just above has the same 
meaning as defined before. 

Compound (1-3-2) can be obtained by reacting 



> 



compound (IIIc) [compound (1-3-1) and UCN-01 and 
isomers thereof, for instance] with compound (VII) in 
an appropriate inert solvent, such as THF r in the 
presence of an appropriate acid catalyst, such as 
camphorsulfonic acid. 

Based on compound (IIIc) , compound (VII) is used 
in a proportion of at least 1 equivalent, preferably in 
a large excess, and the acid catalyst in a proportion 
of 0.02 to 0.05 equivalent. This reaction is generally — 
conducted at room temperature and goes to completion in 
0.5 to 1 hour. 

12 * 
3-3 ; Compound where X and X , taken together , 

represent oxygen (1-3-3) 



r 




<m d) 
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( I - 3 - 3 ) 

1 2 

(where R and R are as defined above) 

Compound (1-3-3) can be obtained by reacting 

1 2 

compound (Hid) [compound (I) where X and X 
each is hydrogen, compound (Ila) , compound (lib), etc.] 
with an appropriate oxidizing agent, such as chromic 
acid, in pyridine at a temperature between 0°C and room 
temperature for 1 day. The oxidizing agent is used in 
a proportion of 5 to 7 equivalents per mole of compound 
(Hid) . 

By performing the above processes 1 to 3 in 
suitable combination, compound (I) having optional 
functional groups in optional positions can be obtained. 

The isolation and purification of the reaction 
product after each of these processes can be accomplish- 
ed by using the procedures commonly employed in organic 
synthesis, such as extraction, crystallization, various 
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kinds of chromatography/ etc. in a suitable combination. 

Compound (I) has marked cell growth inhibitory 
activity and, as such r provides antitumor preparations 
containing it as an active ingredient. 

When compound (I) is used as an antitumor agent , 
respective species of compound (I) are dissolved in 
physiological saline or a glucose, lactose or mannitol 
solution for injection and administered generally as 
intravenous injections at the dose of 0.01 to 20 mg/kg. 
It is also possible to lyophilize them in accordance 
with the Pharmacopeia of Japan or formulate them with 
sodium chloride for use as powders for injection. 
Furthermore, these compounds may be formulated with the 
well-known pharmaceutically "acceptable diluents, 
adjuvants and/or carriers , such as salts suited for 
pharmaceutical uses. For use as injections, there are 
cases in which auxiliary agents for enhancing the solubility 
of compound (I) are preferably incorporated. The 
dosage may be adjusted according to age .and symptoms. 
The administration schedule can also be varied 
according to condition and dosage. For example, a 
once-a-day regimen (single dosing or repeated daily 
dosing) and an intermittent administration regimen of 1 
to 3 times a week or once in 3 weeks may be mentioned. 
It is also possible to administer (I) intraarterially. 




intraperitoneally or intrathoracically in the same dose 
range as mentioned above. Compound (I) may also be 
administered orally or rectally. In the latter • cases, 
compound (I) may be formulated with appropriate adju- 
vants to provide tablets, powders, granules, syrups, 
suppositories and so on. 

Representative examples of compound (I) obtained 
by the above-described processes are shown in Table 1 
and : the intermediates are shown in Table 2. Examples 
of production of these compounds (I) are given in the 
Examples, examples of production of the intermediates 
are given in Reference Examples, and examples of 
physiological activity tests with the representative 
examples of compound (I) are given in the Test -Examples. 



Table 1 
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No. No. R R X A X^ Salt 



inple 


Compound 
No 

lit W • 




R 2 




X 1 


X 2 


i 


1 


CHa 


H 




H 


H 


2 


2 


CHD 


CHO 




H 


H 


2 


3 


H 


CHO 




• H 


H • 


3 


4 


CHO 


H 




H 


H 


4 


5 


NHa 


H 




= 0 




5 


6 


H 


C0CH 3 




H 


H 


6 


7 


H 


COCaHs 




H 


H 


7 


8 


K 


CO-O-CaHa 




H 


H 


8 


9 


H 


COCHaNHCbz 


* * 


H 


H 


9 


10 


H 


COCHatN'Ha 




H 


H 


10 


ir 


H 


H 




0CH, 


H 


11 


12* 


H 


H 




SCaHs 


H 


12 


13 


H 


COCHa 




= 0 




13 


14 


CH 3 


• H 




= 0 




14 


15 


H 


H 




= 0 




15 


16 


H 


H 




OCHa 


H 


15 


17 


H 


H 




H 


OCHa 


16 


18*. 


H 


H 


0- 


-i-CaH-r 


H 


17 


19* 


H 


H 


0- 


-n-C*H 9 


H 


18 


20* 


H 


H 




QCaHs 


H 



K£ 



* a mixture (approx. 1:1) of diastereomers 
** Cbz stand© for benzyloxycarbonyl (the same applies 
below).; 

Table 2 (intermediates) 
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Compound 
No. 


Reference 
Example No* 
(Example No. 


R 1 

) 


R 2 


X 1 


x 2 


a 


i 
l 


H 

it 


Cbz 


H • 


H 


b 


(i) 


CH a 


Cb2 


H 


K 


c 


(3) 


CHO 


Cbz 


H m 


H 


d 


2 


H 


H 


OH 


• H 


e 


(13) 


CH 3 


. Cbz 




= 0 


f 


(14) 


H 


Cbz 




= 0 



Example 1 

In 18 ml of DMF was dissolved 360 xng (0.6 mmol) of 
compound a prepared in Reference Example 1, followed by 
the addition of 36 mg (0.9 mmol) of 60% sodium hydride. 
The mixture was stirred for 10 minutes , at the end of 
which time 0.054 ml (0.9 mmol) of methyl iodide was 
added and the mixture was stirred at room temperature 
for 0.5 hour. To this reaction mixture were added 5 ml 
of water and 30 ml of chloroform and the organic layer 
was separated , washed with saturated aqueous sodium 
chloride solution and dried over anhydrous magnesium 
.sulfate. The solvent was distilled off under reduced 
pressure and the residue was purified by silica gel 
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column chromatography (chloroform) . The procedure gave 
312 rog (85%) of compound b. 
Compound b: 

1 H-NMR (CDC1 3 ) 5; 1.64 (s f 3H) , 2,20-3.04 (m, 
2H), 2.48 (s, 3H), 2.84 (s # 3H) , 3.41 (s, 3H) , 
3.90-3.24 (m, 1H) , 4.68-5.20 (m, 1H) , 4.95 (s, 
2H), 5.25 (s, 2H), 6.72 (t, 1H) , 7.20-7.92 (m, 
11H), 7.98 (d f 1H, J=8 Hz) , 9.60 <d, 1H # J=8 Hz) 

SI -MS (m/z); 615 (M+l) + 

In 3 ml of DMF was dissolved 70 mg (0.11 mmol) of 
the above compound b, and after addition of 60 mg of 
10% palladium-on-carbon, the solution was stirred in a 
hydrogen stream at 40 °C for 1 hour. The reaction 
mixture was filtered through Celite and the solvent was 
distilled off under reduced pressure. The residue was 
purified by silica gel column chromatography (2% 
methanol-chloroform) to give 27 mg (51%) of compound 1. 
Compound 1: 

2 H-NMR (CDC1 3 ) 5; 1.56 (s, 3H) , 2.20-3.00 (m, 
2H), 2.34 (s, 3H), 3.20-3.50 (m, 2H) , 3.38 (s, 
6H), 3.87 (d, 1H, J=4 Hz), 4.96 (s, 2H) , 6.54 
(m, 1H) , 7.20-8.08 (m r 7H) , 9.52 (d, 1H, J=8 Hz) 
EI-MS (m/z); 480 (M + ) 
Example 2 

In a mixture of 3 ml formic acid and 1 ml acetic 
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anhydride was dissolved 249 mg (0.5 mmol) of stauro- 
sporine and the solution was stirred at room tempera- 
ture overnight. To this reaction mixture were Added 20 
ml of water and 30 ml of chloroform, and the organic 
layer was separated, washed with saturated aqueous 
sodium hydrogen carbonate solution and saturated 
aqueous sodium chloride solution and dried over an- 
hydrous magnesium sulfate. The solvent was then 
distilled off under reduced pressure and the residue 
was purified by silica gel column chromatography 

(chloroform) to give 25 mg (9%) of compound 2 and 33 mg 

(12.5%) of compound 3. 
Compound 2: 

^"H-NMR (CDC1 3 ) 5; 2.30 (s, 3H) , 2.54 (s, 3H) , 
2.84 (s, 3H) f 2.20-2.86 (m, 2H) , 3.96 (br.s, 
1H), 4.72-5.36 (m, 3H) , 6.68 (m, 1H) , 7.12-8.04 
(m, 7H), 8.14 (s, 1H), 9.25 (d, 1H, J=8 Hz), 
9.37 (s, 1H), 

SI-MS (m/z); 523 (M+l) + 
Compound 3 : 

^H-NMR (CDC1 3 ) 6; 2.28-2.88 (ra, 2H) , 2.36 (s, 
3H), 2.48 (s, 3H), 2.82 (s, 3H) , 3.95 (d, 1H, 
J«2 Hz), 4.76-5.16 (m, 1H) , 4.94 (s f 2H) , 6.54 
(br.s, 1H), 6.65 (br.t, 1H) , 7.04-7.60 (m, 5H) , 
7.72 (d, 1H, J=8 Hz), 7.88 (d, 1H, J=8 Hz), 8.11 



# 
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(s, lH) f 9.44 (d, 1H, J=8 Hz) 
SI-MS (ra/z); 495 (M+l) + 
Example 3 

By substantially the same procedure as Example 2, 
50 mg (40%) of compound c was obtained from 120 mg (0.2 
mmol) of compound a. 

By the same catalytic reduction procedure as 
described in Example 1 using 50 mg of the above com- 
pound c without purification, 30 mg (77%) of compound 4 
was obtained. 
Compound 4: 

^H-NMR (CDCl 3 +DMSO-d g ) 6; 1.60 (s, 3H) , 

2.20-3.00 (m, 2H) , 2.40 (s, 3H) , 3.20-3.64 (m, 
1H), 3.30 (s, 3H), 3.92 (d, 1H, J=4 Hz), 5.04 
(s, 2H), 6.48 (m, 1H) , 7.12-8.08 (m, 7H) , 9.10 
(d, 1H, J=8 Hz), 9.25 (s, 1H) 
SI-MS (m/z); 495 (M+l) + 
Example 4 

In 15 ml of dioxane was dissolved 240 mg (0.5 
mmol) of compound 15 obtained in Example 14, followed 
by addition of 1.21 ml of hydrazine hydrate, and the 
mixture was heated at 100 °C for 2 days. The solvent 
was then distilled off and the residue was purified by 
silica gel chromatography (chloroform-methanol-28% 
aqueous ammonia = 97:3:0.1). The eluate was treated 




with 1.7N hydrochloric acid-ethyl acetate to give 207 
mg (84%) of hydrochloride compound 5. 
Compound 5: 

*H-NMR (DMSO-d 6 ) 6; 1.92-2.76 (m, 2H) , 2.24 
(s, 3H), 2.47 (s, 3H), 2.67 (br.s, 3H) , 
3.84-4.50 {m, 4H) , 4.60 (br.s, 2H) , 6.94 (m, 
1H) , 7.28-7.72 (m, 5H) , 8.08 (d, 1H, J=8 Hz) , 
9.09 <d, 1H, J=8 Hz), 9.30 (d, 1H, J=8 Hz) 

SI-MS (m/z); 496 (M+l) + 
Example 5 

In 3 ml of pyridine was dissolved 50 mg of stauro- 
sporine followed by addition of 0.1 ml of acetic 
anhydride, and the mixture was stirred at room tempera- 
ture for 3.5 hours. The solvent was distilled off 
under reduced pressure and the residue was diluted with 
10 ml of chloroform, washed with 5% hydrochloric acid 
and saturated aqueous sodium chloride solution, and 
dried over anhydrous magnesium sulfate. Finally, the 
solvent was distilled off under reduced pressure to 
give 27 mg (50%) of compound 6. 
Compound 6: 

2 H-NMR (CDC1 3 ) 5; 2.00-2.96 (m, 2H) , 2.14 (s, 
3H), 2.44 (s, 3H), 2.47 (s, 3H) , 2.83 (s, 3H) , 
4.01 (d, 1H, J=3 Hz), 4.99 (s, 2H) , 5.23 (m, 
1H), 6.70 (t, 1H), 7.16-8.00 (m, 7H) , 8.68 (ro, 




» 
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1H), 9.50 (dd, 1H, J=2, 8 Hz) 
SI-MS (in/2); 509 (M+l) + 
Example 6 

Using 249 mg (0.5 mmol) of staurosporine and 
propionic anhydride, the procedure of Example 5 was 
repeated to give 80 mg (29%) of compound 7. 
Compound 7: 

^H-NMR (CDC1 3 ) 6; 1.16 (t, 3H, J=8 Hz), 2.04-2.92 
(m, 4H), 2.44 (s, 3H) , 2.48 (s, 3H) , 4.00 (br.s, 
1H), 4.97 (s, 2H), 5.20 (m, 1H) , 6.68 (m, 2H) , 
7.16-7.60 (m, 5H) 7.74 (d, 1H, J=8 Hz), 7.90 (d, 
1H, J=8 Hz), 9.44 (d, 1H, J=8 Hz) 

SI-MS (ra/z); 523 (M+l) + 
Example 7 

Using 249 mg (0.5 mmol) of staurosporine and 
butyric anhydride, the procedure of Example 5 was 
repeated to give 60 mg (21%) of compound 8. 
Compound 8: 

^"H-NMR (CDC1 3 ) 6; 0.98 (t, 3H, J=8 Hz), 1.66 
(m, 2H) , 2.20-3.00 (m, 4H) , 2.46 (s, 3H) , 2.50 
(s, 3H) , 2.84 (s, 3H), 4.03 (br.s, 1H) , 5.01 (s, 
2H), 4.96-5.36 (m, 1H) , 6.44 (br.s, 1H) , 6.72 
(t, 1H, J=8 Hz), 7.20-7.60 (m, 5H) , 7.75 (dd, 
1H, J«2, 8 Hz), 7.93 (d, 1H, J=8 Hz), 9.45 (d, 
1H, J=7 Hz) 



1 



SI-MS (m/z); 537 (M+l) + 
Example 8 

In 25 ml of THF was dissolved 466 mg (1 mmol) of 
staurosporine followed by addition of 522 mg (2.5 mmol) 
of N-Cbz-glycine, 0.32 ml (3 mmol) of N-methylmorpholine 
and 32.7 mg (2.5 mmol) of N-hydroxysuccinimide. Then, 
under ice-cooling, a solution of 515 mg (2.5 mmol) of 
DCC in 10 ml of THF was added. The mixture was stirred 
at room temperature overnight. The reaction mixture 
was then filtered through Celite and the solvent was 
distilled off. Finally, the residue was purified by 
silica gel column chromatography (2% methanol-chloro- 
form) to give 690 mg (100%) of compound 9. 
Compound 9: 

*"H-NMR (CDCl 3 -DMSO-d 6 ) 6; 2.20-3.20 (m, 2H) , 
2.44 (s, 3H) r 2.84 (s, 3H) , 3.04 (s, 3H) , 3.95 
(d, 1H, J=6 Hz), 4.05 (br.s, 1H) , 4.24-4.84 (m, 
IH), 4.96 (s, 2H), 5.10 (s, 2H) , 6.52 (m, 1H) , 
6.80 (t, 3H, J=8 Hz), 7.16-8.00 (m, 12H) , 9.37 
(d, 1H, J=8 Hz) 

SI-MS (m/z); 656 (M-l) + , 657 (M + ) , 658 (M+l) + 
Example 9 

Using 660 mg of compound 9 obtained in Example 8 , 
the catalytic reduction reaction was carried out as in 
Example 1 to give 120 mg (21%) of compound 10. 
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Compound 10: 

*H-NMR (DMSO-dg) 6; 2.16-2.90 (m f 2H) , 2.36 

(s, 3H), 2.68 (s, 3H), 2.78 (s, 3H) , 3.00-3.68 
(m, 1H), 3.90 (m, 2H) , 4.16 (br.s, 1H) , 5.00 
(br.s, 2H), 6.84-8.60 (m, 11H) , 9.26 (d, 1H, J=8 
Hz) 

SI-MS (m/z); 524 (M+l) + 
Example 10 

In 3 ml of THP was dissolved 30 mg (0.06 mmol) of 
compound d obtained in Reference Example 2, followed by 
addition of 1 ml of methanol and 18.6 mg (0.08 mmol) of 
camphor sulfonic acid, and the mixture was refluxed for 
1 hour. The reaction mixture was diluted with 20 ml of 
ethyl acetate, washed successively with saturated 
aqueous sodium hydrogen carbonate solution and saturat- 
ed aqueous sodium chloride solution, and dried over 
anhydrous magnesium sulfate. The solvent was then 
distilled off under reduced pressure and the residue 
was purified by high performance liquid chromatography. 
The procedure gave 24 mg (81%) of compound 11 as a 
mixture of diastereomers . 
Compound 11: 

*H-NMR (CDC1 3 ) 6; 1.54 and 1.57 (s, 3H) , 2.27 
and 2.36 (s, 3H) , 2.38-2.45 (m, 2H) , 2.68-2.77 
(m, 1H), 3.07 and 3.14 (s, 3H) , 3.55 (m, 1H) , 




3.38 and 3.41 ( S/ 3H) , 3.87 (m, 1H) , 6.21 and 
6.23 (s, 1 H ), 6.54 and 6.55 (s, 3H) , 6.61 (dd, 
1H, J=1.5, 8.2 Hz), 7.28-7.51 (m, 5H) , 7,91 <dd, 
1H, J-2.8, 8.5 Hz), 8.40-8.44 (m, 1H) , 9.36 (d, 
1H, J=8 Hz) 

SI -MS (m/z); 497 (M+l) + 
Example 11 

The procedure of Example 10 was repeated using 
compound d of Reference Example 2 and ethyl mercaptan, 
in lieu of methanol, to give 22 mg (70%) of compound 12 
as a mixture of diastereomers. 
Compound 12: 

*H-NMR (CDC1 3 ) «» °-77 and 0.99 (t, 3H, J-7.5 
Hz), 1.54 and 1.56 (s, 3H) , 2.27 and 2.36 (s, 
3H), 2.30-2.44 (m, 4H) , 2.64-2.76 (m, 1 H ) , 3.33 
(m, 1H), 3.36 and 3.37 (s, 3H) , 3.87 (dd, 1H, 
J-3.8 Hz), 6.23 and 6.26 (s, 1H) , 6.40 and 6.46 
is, 1H), 6.53 (d, 1H, J= 5 .8 Hz), 7.25-7.51 (m, 
5H), 7.92 (t, 1H, J» 7 .9 Hz), 8.42 (m, 1H) , 9.41 
(d, 1H, J=8.0 Hz) 
SI-MS (m/z); 527 (M+l) + 
Example 12 

To 3 ml of pyridine was added 385 mg (3.85 mmol) 
of chromic acid with ice-cooling, followed by addition 
of 5 ml of a pyridine solution of 300 mg (0.59 mmol) of 



> 



compound 6 of Example 5, and the mixture was stirred at 
room temperature overnight. The reaction mixture was 
filtered through Celite and the solvent was distilled 
off under reduced pressure. Finally the residue was 
purified by silica gel column chromatography (1% 
methanol-chloroform) to give 208 mg (68%) of compound 
13. 

Compound 13: 

*"H-NMR (CDC1 3 ) 5; 2.00-3.04 (m, 2H) , 2.15 (s, 
3H), 2.32 (s, 3H), 2.45 (s, 3H) , 2.84 (s, 3H) , 
3.94 (br.s, 1H) , 5.24 (m, 1H) , 6.68 (m r 1H) , 
7.16-7.80 (ra, 6H) , 8.00 (br.s, 1H) , 9.24 (d, 1H, 
J=8 Hz), 9.40 (d, 1H, J=8 Hz) 
EI -MS (m/z); 522 (M + ) 
Example 13 

Using 232 mg (0.38 mmol) of compound b of Example 
1, the procedure of Example 12 was repeated to give 160 
mg (67%) of compound e. 
Compound e: 

^H-NMR (CDC1 3 ) 6; 1.53 (s, 3H) , 2.20-2.92 (m, 
2H), 2.36 (s, 3H), 2.79 (s, 3H) , 3.25 (s, 3H) , 
3.90 (m, 1H), 4.60-5.00 (m, 1H) , 5.20 (s, 2H) , 
6.65 (dd, 1H, J=7, 8 Hz), 7.16-7.80 (m, 11H) , 
9.28 (d, 1H, J=8 Hz), 9.44 (d, 1H, J=8 Hz) 

SI-MS (m/z); 629 




Using 140 mg of the above compound e, the cataly- 
tic reduction reaction of Example 1 was repeated to 
give 96 mg (89%) of compound 14. 
Compound 14: 

*H-NMR (CDCl 3 -DMSO-d 6 ) 6; 2.00-4.12 (m, 5H) , 
2.24 (s, 3H) , 2.46 (s, 3H) , 2.70 (br.s, 3H) , 
3.14 (s, 3H) r 4.66 (br.s, 1H) , 6.74 (m, 1H) , 
7.08-8.04 (m, 6H) , 9.14 (d, 1H, J=8 Hz) , 9.34 
(d, 1H, J=8 Hz) 
EI -MS (m/z) ; 494 (M + ) 
Example 14 

Using 70 mg (0.1 mmol) of compound a of Reference 
Example 1, the procedure of Example 12 was repeated to 
give 26 mg (43%) of compound f. Then, using 20 mg of 
this compound f , the catalytic reduction process of 
Example 1 was repeated to give 4 mg (27%) of compound 
15. 

Compound 15: 

^H-NMR (CDClj) 5; 1.60 (s, 3H) , 2.12-2.84 (m, 
2H), 2.36 (s, 3H), 3.20-3.60 (m, 2H) , 3.36 (s, 
3H), 3.92 (d, 1H, J=4 Hz) , 6.56 (m, 1H) , 
7.24-8.04 (m, 7H) , 9.32 (d, 1H, J=8 Hz), 9.44 
(d r 1H, J=8 Hz) 
EI -MS (m/z) ; 480 (M + ) 
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Example 15 

In 16 ml of THF was dissolved 200 rag of the 
mixture of compound d and UCN-01 obtained in Reference 
Example 2, followed by addition of 4 ml of methanol and 
125 mg of camphorsulfonic acid, and the mixture was 
refluxed for 1 hour. The reaction mixture was diluted 
with ethyl acetate, washed successively with saturated 
aqueous sodium hydrogen carbonate solution and satu- 
rated aqueous sodium chloride solution, and dried over 
anhydrous magnesium sulfate. The solvent was then 
distilled off under reduced pressure and the residue 
was purified by silica gel column chromatography 
(chloroform) . The procedure gave 55 mg (27%) of 
compound 16, 39 mg (19%) of compound 17, and 53 mg 
(26%) of a mixture of compounds 16 and 17. 
Compound 16: 

*H-NMR (CDC1 3 ) 5; 1.55 (s, 3H) , 2.37 (s, 3H) , 
2.39 (ddd, 1H, J=3.7, 5.7, 14.7 Hz), 2.74 (ddd, 
1H, J=1.3, 4.1, 14.7 Hz), 3.14 (s, 3H) , 3.35 (m, 
1H), 3.41 (s, 3H), 3.89 (d, 1H, J=3.5 Hz), 6.28 
(br.s, 1H), 6.55 (dd, 1H, J=1.2, 5.7 Hz), 6.60 
(d, 1H, J=1.6 Hz), 7.29 (m, 1H) , 7.35 (m, 1H) , 
7.37 (m, 1H), 7.43 (m, 1H) , 7.50 (m, 1H) , 7.92 
(d, 1H, J=8.5 Hz), 8.42 (ddd, 1H, J=0.5, 1.3, 
7.9 Hz), 9.36 (ddd, 1H, J=0.7, 1.2, 7.9 Hz) 




• 



SI-MS (m/z); 497 (M+l) + , 465, 368, 336, 309 
Compound 17: 

*H-NMR (CDC1 3 ) 6; 1.58 (s, 3H) , 2.37 (s, 3H) , 
2.42 (ddd, 1H, J=3.8, 5.9, 14.7 Hz), 2.71 (ddd, 
1H, J=1.3, 4.3, 14.7 Hz), 3.08 (s, 3H) , 3.34 (m, 
1H), 3.38 (s, 3H), 3.87 (d, 1H, J=3.5 Hz), 6.26 
(br.s, 1H), 6.55 (dd, 1H, J=1.2, 5.8 Hz), 6.62 
(d, 1H, J=1.6 Hz), 7.29 (d, 1H, J=8.3 Hz), 7.33 
(ra, 1H), 7.37 (m, 1H) , 7.43 (m, 1H) , 7.50 (m, 
1H), 7.91 (d, 1H, J=8.5 Hz), 8.44 (ddd, 1H, 
J=0.5, 0.8, 7.9 Hz), 9.36 (ddd, 1H, J=0.7, 1.1, 
7.9 Hz) 

SI -MS (m/z); 497 (M+l) + , 465/ 409, 368, 336, 309 
Example 16 

The procedure of Example 15 was repeated except 
that 100 mg of the mixture of compound d and UCN-01 
obtained in Reference Example 2 and isopropyl alcohol, 
which was in lieu of methanol, were used to give 56 mg 
(49%) of compound 18 as a mixture of diastereomers. 
Compound 18: 

^"H-NMR (CDC1 3 ) 6; 0.77 and 0.91 (d, 3H, J=6.2 
Hz), 1.26 and 1.27 (d, 3H, J=6.2 Hz), 1.72 and 
1.80 (br. 3H), 2.38 (s, 3H) , 2.52-2.57 (m, 1H) , 
2.64 and 2.72 (m, 1H) , 3.20-3.23 (br. 3H) , 3.41 
(br. 1H), 3.85 (m, 1H) , 3.97 (m, 1H) , 6.46 and 
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6.52 (br. 1H), 6.56-6.59 (in, 2H) , 7.27-7.49 (m, 
5H) , 7.86 and 7.88 (d, 1H, J=8.3 Hz), 8.39 and 
8.41 <dd, 1H, J*0.8, 7.9 Hz)-, 9.32 and 9;34 (d, 

1H, J=8 Hz) 

EI-MS (m/z); 524 (M + ) , 466, 395, 336, 156 
Example 17 

The procedure of Example 15 was repeated except 
that 100 mg of the mixture of compound d and OCN-01 
obtained in Reference Example 2 and n-butanol, which 
was in lieu of methanol, were used to give 66 mg (57%) 
of compound 19 as a mixture of diastereomers . 
Compound 19: 

1 H-NMR (CDC1 3 ) 6; 0.75 and 0.79 (t, 3H, J=7.3 
Hz), 1.22-1.32 (m, 2H) , 1.41-1.53 (m, 2H) , 1.56 
and 1.64 (s, 3H) , 2.36 and 2.37 (s, 3H) , 
2.41-2.48 (m, 1H) , 2.68-2.77 (m, 1H) , 3.03 and 
3.14 (m, 1H), 3.36 and 3.39 (s, 3H) , 3.52 (m, 
1H) , 3.89 (m, 1H), 6.27 and 6.28 (br.s, 1H) , 
6.55 (m, 1H), 6.58 and 6.60 (d, 1H, J=1.5 Hz), 
7.28-7.51 (m, 5H) , 7.90 and 7.91 (d, 1H, J=8.5 
Hz), 8.42-8.47 (m, 1H) , 9.36 (dd, 1H, J=0.7, 7.9 
Hz) 

EI-MS (m/z); 538 (M + ) , 466, 409, 336, 156 
Example 18 

The procedure of Example 15 was repeated except 
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that 50 mg of the mixture of compound d and UCN-01 
obtained in Reference Example 2 and ethanol, in lieu of 
methanol , were used to give 37 mg (73%) of compound 20 
as a mixture of diastereomers. 
Compound 20: 

1 H-NMR (CDC1 3 ) 6; 1.11 and 1.13 (t, 3H, J=7.1 
Hz), 1.56 and 1.61 (s, 3H) , 2.36 and 2.37 (s, 
3H), 2.42 (m, 1H) , 2.69-2.77 (m, 1H) , 3.12 and 
3.23 (m, 1H), 3.36 (m, IE), 3.38 and 3.40 (s, 
3H), 3.60 (m, 1H), 3.89 (m, 1H) , 6.27 and 6.28 



(m, 1H), 9.35 <d, 1H, J-8.0 Hz) 
EI-MS (m/z); 510 (M + ) , 465, 381, 336, 185, 156 
Reference example 1 

In a mixture of 30 ml acetone and 20 ml water was 
dissolved 932 mg (2 mmol) of staurosporine followed by 
addition of 840 mg (10 mmol) of sodium hydrogen carbon- 
ate. Then, 0.43 ml (3 mmol) of benzyloxycarbonyl 
chloride was added with ice-cooling and the mixture was 
stirred at the same temperature for 0.5 hour. The 
reaction mixture was diluted with 50 ml of ethyl 
acetate, washed with water and saturated aqueous sodium 
chloride solution, and dried over anhydrous magnesium 
sulfate. Finally the solvent was distilled off under 



(br.s, 1H), 6.55 (m, 1H) , 6.58 and 6.60 (d, 1H, 
J=1.5 Hz), 7.28-7.51 (m, 5H) , 7.91 (m, 1H) , 8.46 
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reduced pressure to give 1.17 g (98%) of compound a. 
Compound a: 

*H-NMR (CDC1 3 ) 6; 1.63 (s, 3H) , 2.07-2.93 (m, 

2H), 2.46 (s, 3H), 2.79 (s, 3H) , 3.99 (m, 1H) , 

4.60-5.10 (m, 1H), 4.97 (s, 2H) , 5.17 (s, 2H) , 

6.46 (s, 1H), 6.66 (t, 1H) , 7.10-8.00 (m, 12H) , 

9.43 (d, 1H, J=8 H2) 

SI-MS (m/z); 601 (M+l) + 

Reference Example 2 

In 115 ml of acetic acid was dissolved 5.41 g (9.0 

mmol) of compound a of Reference Example 1 followed by 

addition of 6.0 g (13.5 mmol) of lead tetraacetate, and 

the mixture was stirred at room temperature in the dark 

for 6 hours. To the reaction mixture was added 150 ml 

of water and the resulting precipitate was recovered by 

filtration. The precipitate was crudely purified by 

silica gel column chromatography (chloroform-methanol- 

28% aqueous ammonia = 99:1:0.1) to give 1.68 g (40%) of 

1 2 

the hydroxy compound (1-3-1; R =H, R =Cbz) . 

The above compound was subjected to the catalytic 
reduction described in Example 1 and the reaction 
product was purified by silica gel column chromato- 
graphy (chloroform-methanol-28% aqueous ammonia = 
99:1:0.1) to give 88 mg (9%) of UCN-01 and 221 mg (23%) 
of compound d. 
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UCN-01: 

SI-MS (m/z); 483 (M+l) + , 465 



Compound d: 



SI-MS (m/z); 483 (M+l) + , 465 



Incidentally, UCN-01 and compound d are diaster- 

1 2 

eomers such that the orientations of X and X are 
anti to each other. 
Test Example 1 

The cell growth inhibitory activity of compound 
(I) according to this invention was tested by the 
following methods. The results are shown in Table 3. 
(1) HeLa S^ cell growth inhibition assay: 

4 

A suspension of HeLa S 3 cells (3 x 10 cells/ml) 
in MEM containing 10% fetal serum and 2 mM glutamine is 
distributed in 0.1 ml portions into the wells of a 
96-well microti ter plate and incubated overnight in a 
CCfc incubator at 37°C. Then, 0.05 ml portions of an 
appropriately diluted solution of the test compound are 
added. The cells are further cultured in the CO 2 
incubator and the culture supernatant is discarded. 
After washing with PBS (-) once, 0.1 ml portions of 
fresh medium are added to the wells and the incubation 
is continued in the C0 2 incubator at 37 °C for 72 
hours. After the culture supernatant is discarded, 0.1 
ml portions of culture medium containing 0.02% neutral 
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red are added to the respective wells and the micro- 
titer plate is incubated in the CO2 incubator at 37 °C 
for 1 hour to stain the cells. After removal of the 
culture supernatant, the plate is washed with physio- 
logical saline once and the dye is extracted with 
0.001 N HCl/30% ethanol. Then, using a microplate 
reader, the absorbances at 550 nm are measured. By 
comparing the absorbance of intact cells with the 
absorbances of cells treated with known concentrations 
of the test compound, the 50% growth inhibition con- 
centration of the compound is calculated and designated 
as IC^q. 

(2) C0L0 320DM cell growth inhibition assay: 

A suspension of C0L0 320DM cells (10 5 cells/ml) 
in RPMI 1640 medium containing 10% fetal bovine serum, 
100 U/ml penicillin and 100 yg/ml streptomycin is 
distributed in 0„1 ml portions into the wells of a 
96-well microtiter plate. Then, the same procedure as 
(1) is followed and the counting of cells is carried 
out with a microcell counter. By comparing the number 
of intact cells with that of cells treated with known 
concentrations of the test compound, a 50% cell growth 
inhibition concentration of the compound is calculated 
and designated as IC qn . 




Compound No. 




4 
5 
10 
11 
12 
14 
16 

17 

18 

19 

20 



0.18 
0.75 
0.051 
0.17 
0.16 
0.78 
0.20 
0.16 
0.29 
0.32 
0.29 



Staurosporine 
'Reference compound) °-°5 

UCN-01 

(Reference compound) °-17 



0.19 
0.59 
0.55 
0.14 

0.088 
> 1 



0.018 



Test Example 2 

u zs added to 250 ui ~* 
contai„ ing 2 s ^ Vl ° f a s °^tion 

Snesium acetate, so U g of histone 
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type IIS (Sigma), 20 ug of phosphatidylserine, 0.8 ug 
of diolein, 25 nmole calcium chloride, 5 ug of a crude 
enzyme (partially purified from the rat brain by the 
method of Yoshikawa et al.) and 5 ymole Tris-HCl buffer 
(pH 7,5) and the mixture is incubated at ,30 °C for 3 
minutes. Then, 1.25 nmole [y- 32 P]ATP (5-10 x 10 3 
cpm/nmole) is added and the phosphorylation reaction is 
carried out at 30°C for 30 minutes. The reaction is 
terminated by addition of 25% trichloroacetic acid 
(TCA) . The reaction mixture is filtered through a 
cellulose acetate membrane (pore size: 0.45 urn) (Toyo 
Roshi) and after washing with 5% TCA four times, the 
radioactivity remaining on the membrane is determined. 
A control experiment is carried out without addition of 
the test compound and the radioactivity is determined 
in the same manner. The concentration of the test 
compound showing a 50% inhibition relative to the 
control is designated as IC 5Q . The results are shown 
in Table 4. 

(2) Protein kinase A inhibition assay: 

In accordance with the method of Kuo et al. 

(Biochemistry, £4, 1349, 1969), 10 ul of a solution of 
the test compound is added to 250 Ml of a solution 
containing 5 umole Tris-HCl buffer (pH 6.8), 2.5 ymole 
magnesium acetate, 100 ug of histone type IIS (Sigma) , 
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0.25 nmole c-AMP and 200 ]ig of a crude enzyme (par- 
tially purified from the calf heart by the method of 
Kuo et al.)« Then, the same procedure as the above- 
described protein kinase C inhibition, assay is carried 
out to calculate IC 5Q . The results are shown in 
Table 4. 



Table 4 



Compound Ic e;o 

tin 

NO * Protein kinase 


(yg/ral) 

C Protein kinase 


A A/C* 


3 


0.06 


10 


166.7 


6 


0.003 


0.03 


10.0 


11 


0.0031 


0.16 


51.6 


12 


0.012 


0.15 


12.5 


13 


0.002 


0.036 


18.0 


15 


0.0018 


0.013 


7.2 


16 


0.014 


0.19 


13.6 


17 


0.00068 


0.12 


176.5 


Staurosporine 
(Reference 
compound) 


0.001 


0.004 


4.0 


UCN-01 
(Reference 
compound) 


0.002 


0.02 


10.0 



Activity ratio of protein kinase A to protein kinase C. 



•» 
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It will be apparent from Table 4 that compound (I) 
of this invention has selective protein kinase C- 
inhibitory activity as compared with reference com- 
pounds, suggesting, therefore, that reduced toxicity 
can be expected in its use as an antitumor agent. 




wherein R represents hydrogen, lower alkyl, formyl 
or amino; R 2 represents hydrogen, formyl, lower 
alkanoyl or a group available upon elimination of the 
hydroxy 1 moiety of the carboxyl group of an a-amino 
acid, where the amino group of said amino acid may be 
protected by a protective group; one of X 1 and 
X 2 is hydrogen and the other is 

hydrogen, hydroxyl, lower alkoxyl or lower alkylthio 

or both of them, taken together, represent oxygen; 

1 2 

provided, however, that where both R and R 

1 

concurrently represent hydrogen and either X 
or X 2 is hydrogen, the other is a group other than 
hydrogen and hydroxyl/ or a pharmaceutically acceptable 
salt thereof. 
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